INTRODUCTION
Dengue control is based mainly on the elimination of its vector, the mosquito Aedes aegypti Linnaeus, through the use of chemical insecticides 27, 28, 29 . In Brazil, since 1967, organophosphates have been used against larvae (temephos) and adults (fenitrothion, malathion) in Ae. aegypti control programs 13, 16 . This, however, seems not to be effective, since new epidemic bursts could not be hampered 21, 22 . Both the number and the severity of dengue cases are increasing in Brazil. Rio de Janeiro State has the highest number of reported cases in Brazil. In the last epidemic, summer 2001/2002, more than 163,000 cases were reported. There were 1,400 dengue hemorrhagic cases with 53 deaths 20 .
During the year 2000, Ae. aegypti populations from several Rio de Janeiro municipalities were found to be resistant to temephos, the sole larvicide in the Brazilian Dengue Control Program 13 . Two potential alternative insecticides have been recommended by the Brazilian Health Ministry to face this problem, the biolarvicide Bacillus thuringiensis var. israelensis (Bti) and Methoprene, a Juvenile Hormone (JH) analog 8, 17 . Although their safety to the environment and their efficacy against a variety of mosquito species have been demonstrated by several authors, both in laboratory and field conditions, their use in mosquito vector control programs is less studied 4, 5, 10, 26, 30 .
In this study we evaluated the persistence of one Bti formulation (Vectobac WDG) and one Methoprene formulation (Metoprag S-2G) against Ae. aegypti larvae of the Rockefeller strain in mesocosms which incorporated some of the structure and function of Ae. aegypti larval sites.
MATERIALS AND METHODS

Mosquitoes:
Ae. aegypti late third instar larvae (L 3 ) of the Rockefeller strain were used in all assays. Mosquitoes were reared at 26 ± 1 ºC and 80% relative humidity. In order to induce synchronization of larva emergence, eggs were immersed in dechlorinated water for one hour. Hamster food (Purina, Paulínia, SP) was supplied daily to feed the larvae.
Formulations: Granular formulations of Bti and Methoprene were used. Vectobac WDG (3,000 ITU, Abbott Laboratórios do Brasil Ltda., Illinois, USA) and Metoprag S-2G (2% AI, Bernardo Química Comércio e Indústria, São Vicente, SP, Brazil lot no. 001) were applied following indications of the PNCD (0.2 g/100 liters) and the manufacturer (1.0 g/100 liters), respectively.
Outdoor conditions: A total of 12 containers, three of each source (plastic, iron, concrete and asbestos) were randomly placed inside a 12 m 2 area in the district of Benfica, Rio de Janeiro. The containers' capacity was 100 liters (concrete), 200 liters (iron, plastic) and 250 liters (asbestos). The area was surrounded with wire netting to avoid access of domestic animals. An inclined plastic cover (Electroplastic, from Agroplas, Santiago, Chile), 3.4 m high on one side and 2.0 m high on the opposite side, was installed to protect the area from rain, besides providing partial shading.
Daily temperature data were obtained from the National Meteorology Institute (INMET, 83743 Station, Rio de Janeiro). A digital luximeter (Minipa, model MLM-1332) was used to measure both the sunlight intensity in the partially shaded test area and in the area situated outside it, directly exposed to the sunlight. This was done during one sunny and one cloudy day for each test, at one-hour intervals. In all cases it was verified that 40-60% of the sunlight crossed the plastic cover. 14 , using five and three test devices, for experimental and control containers, respectively. The test devices consisted of polyvinylchloride pipes measuring 7.5 cm in diameter x 50 cm in height. Two stripes of nylon mesh were placed laterally on the pipes to allow permanent contact of the larvae with the water. The devices had the height of the water column inside the majority of the containers, enabling larvae access to different water depths. The test devices floated freely inside the container by means of a Styrofoam plate. Each test device received 20 late L 3 larvae and the mortality was recorded 24 and 48 hours later. All larvae from each previous test were discarded before starting a new test. No food was added during the assay period. Water was added only to replace evaporation loss.
Bti persistence assays:
Methoprene persistence assay: Metoprag S-2G persistence was evaluated from April 9 to May 19, 2002 , in the same area and using the same types of containers mentioned above. Since Methoprene primary effect is the adult emergence inhibition, and not mortality, test specimens were followed through several days, until death or adult emergence. At weekly intervals, fifty late L 3 larvae were directly exposed to the experimental and control containers. Daily mortality was recorded, dead specimens were removed and live pupae were transferred to small plastic closed cups, measuring 11 cm diameter and 11 cm height. Each cup contained three windows covered with nylon mesh. Two of them, disposed laterally, remained below the water line and the third one, placed on the upper part of the cup, was used to insert pupae and to remove adults. These cups floated freely inside the containers by means of a Styrofoam plate. Dead pupae and adults, and live adults were removed daily from the plastic cups. Weekly, before introducing more test larvae, all specimens remaining inside the containers were transferred to one of the polyvinylchloride test devices described above and small pellets of hamster food were added to feed larvae. All remaining larvae and pupae were followed until mortality or adult emergence.
Analysis of data:
Comparisons between 24 and 48 hours data in the Bti tests and among the various types of containers in all the assays were performed with one-way ANOVA/Newman Keuls multiple comparison tests. Comparison of mean temperatures was performed through Mann-Whitney test. Student's t-test was used to evaluate differences between experimental and control containers, in each case 24 .
RESULTS
Persistence of Vectobac WDG: Differences in Vectobac WDG persistence were found between the tests performed in March and in April/May, 2002. In the first test, when results were evaluated after 24 hours exposure, larva mortality dropped from 70-100% on the 9 th day to 0-7% on the 15 th day (Fig. 1A) . In this test, no significant differences were found among the container types (p > 0.05). Comparison of mortality data obtained after 48 hours exposure did not change the results (Table 1 ).
In contrast, in the test performed in April/May, 2002, evaluation after 24 hours of exposure showed that residual activity (mortality rate higher than 70%) was attained until 30-36 days in all the containers, with exception of the metal container (40% mortality on the 12 th day) (Fig. 1B) . Statistical analysis confirmed differences in larval mortality between the metal container and the concrete (p < 0.05), asbestos and plastic (p < 0.01) containers. No significant differences were found between evaluations performed after 24 and 48 hours exposure (Table 2) .
Local temperature varied greatly between both tests, ranging from 21.5 to 39.3 ºC in March and from 18.6 to 34.8 ºC in April (Fig. 1C,  D ). Significant differences were found after comparison of maximal, minimal (p < 0.001 in both cases) and mean (p < 0.05) temperatures registered during each test.
Persistence of Metoprag S-2G: Larvae were exposed to Metoprag S-2G in containers of different sources and total mortality was recorded (Fig. 2) . Residual activity was attained for 15 days in the plastic and iron containers and for seven days in the concrete container. Maximal In all cases, numbers refer to the mean ± standard deviation. In all cases, numbers refer to the mean ± standard deviation. mortality in the asbestos container was 66%, on the first day after treatment. Fig. 3 shows mortality data for each developmental stage in the different containers. Major mortality occurred during the pupal stagemainly at the beginning of the assay. In all cases, 10-25% larval mortality was noted in the test performed immediately after Metoprag S-2G application. In the plastic and iron containers, larval mortality was also observed at other days post-treatment. Adult mortality occurred in the iron and asbestos containers. observed 100% control of Ae. aegypti larvae for a period of two and three weeks in coolers and tires, respectively. The residual activity of other commercial and experimental Bti formulations against mosquitoes generally does not exceed four weeks 1, 15, 23 .
Temperature is well known to negatively affect the persistence of Bti. Our data showed an inverse relationship between Vectobac WDG persistence and temperature. Accordingly, other authors have verified persistence variation of different Bti formulations as a function of weather conditions 14, 15 .
Metoprag S-2G -Metoprag S-2G, used in the dosage recommended by the manufacturer, showed a residual activity of 15 days in the plastic and metal containers and of seven days in the concrete container. In the asbestos container 70% mortality was never attained. These differences in persistence according to the type of container may reflect distinct affinity of methoprene for each kind of material and should be taken into account in any control program.
Other authors that used standard methoprene concentrations also observed similar persistence 6, 10, 18 . The increase of the concentration of Methoprene has been shown to elevate mortality. For example, control of Ae. taeniorhynchus could be achieved during three to six weeks with slight increases in Altosid (another methoprene formulation) standard dosage. On the other hand, equivalent Altosid concentrations did not succeed to control Culex quinquefasciatus larvae 9, 10 . However, the use of excessive methoprene concentrations led to long-term protection. This was also the case of Ae. albopictus control, attained during 150 days, when 48 times the recommended dosage was employed 19 and of Culex control during 15 weeks, when 325 times the standard dosage was used 12 .
When Metoprag S-2G effect was recorded for each developmental stage, it was verified that mortality was induced mainly at the pupal 11 stage. These data are in agreement with the predicted methoprene mode of action 2, 17 , already observed in field tests 7 .
The low persistence of Bti and Metoprag assays described here was obtained without water replacement. An even lower residual effect of these formulations is expected in house storage containers, subjected to water usage and refill with rainfalls. There are several reports showing a reduction of Bti and methoprene persistence when the test area is subjected to rainfalls, when compared to assays performed without water replacement 1, 11, 12, 23 .
Test of different concentrations of these products, as well as of other Bti and methoprene formulations, or even new products, could reveal novel ways of controlling Ae. aegypti in the country. Additionally, test of biolarvicides and IGRs using recently established colonies derived from local populations are planned. These products are envisaged as alternatives of Ae. aegypti control in Brazil, where resistance of populations of the dengue vector to chemical insecticides is increasing in many municipalities. 
RESUMO
